ting with an anti-phosphospecific (Ser51) antibody and, riboside, AMPK was activated and protein synthesis indeed, in anoxia, a decrease in phosphorylation was was inhibited. The inhibition of protein synthesis could actually observed (see Figure S1 in the Supplementary not be explained by changes in the phosphorylation
). Therefore, a reduction in mTOR signaling cannot explain the effect being blocked by rapamycin [5] . Therefore, we In isolated hepatocytes, both the basal and anoxiaabolished AMPK activation by oligomycin ( Figure 3A) . In our previous studies conducted under exactly the induced inhibition of protein synthesis were unaffected by rapamycin (not shown). Furthermore, rapamycin had same conditions, there was no effect of transfection of the dominant-negative construct on the levels of endogno effect on the basal ( Figure 1D ) and anoxia-induced phosphorylation of eEF2 (not shown), and this suggests enous or transfected AMPK isoforms, as verified by immunoblotting [10] . A wild-type ␣1 AMPK vector was that p70S6K is not active and that mTOR is not mediating these effects. For AMPK to inhibit protein synthesis by used as a control and did not increase AMPK activity, as demonstrated previously [10] . Transfection with dominterfering with mTOR-dependent signaling, the system would first need to be activated, e.g., by amino acids inant-negative ␣1 AMPK slightly decreased the basal rate of protein synthesis, but the effect was not statistior insulin. In isolated hepatocytes, p70S6K activity is very low under basal conditions, but it can be activated cally significant (control rates of protein synthesis were 0.15, 0.15, and 0.17 nmol/min/mg of protein and 0.12, upon incubation with amino acids, via mTOR, and this activation is blocked by rapamycin [6] . Indeed, the 0.12, and 0.15 nmol/min/mg in the dominant-negative ␣1 AMPK-transfected cells). In cells treated with oligoamino acid-dependent phosphorylation and activation of p70S6K in hepatocytes was recently shown to be mycin, the rate of protein synthesis was decreased by about 60%, and transfection with the dominant-negative inhibited by AMPK activation [7, 8] . Also, AMPK activation by AICA riboside in rat skeletal muscle in vivo inhib-␣1 AMPK blocked its inhibitory effect ( Figure 3B ). Moreover, transfection of dominant-negative ␣1 AMPK reited both the mTOR pathway and protein synthesis [9] .
HEK293 cells were transfected with dominant-negaduced the oligomycin-induced phosphorylation of eEF2 to control levels ( Figure 3C ). tive ␣1 AMPK to provide additional evidence that AMPK We tested whether eEF2 was a direct substrate for AMPK. Although the protein could be phosphorylated by AMPK in vitro, the stoichiometry of phosphate incorporation was low, reaching a plateau of 0.1-0.2 mol/mol after 30 min of incubation, indicating that eEF2 is a poor substrate (not shown). This low stoichiometry of phosphorylation could not be increased by prior dephosphorylation of eEF2 with protein phosphatase 2A catalytic subunits, and the anti-eEF2 Thr56(P) antibody revealed that AMPK did not phosphorylate this residue (not shown). In addition, the sequence around Thr56 of eEF2 does not fit the consensus requirements for AMPK [1] . We therefore tested whether eEF2 kinase itself was activated by conditions that activated AMPK. In hepatocytes incubated for 10 min in anoxia (not shown) or with AICA riboside (Figure 1E ), eEF2 kinase was activated by about 2-fold. The activation was rapid, reaching a maximum after 6 min of treatment with AICA riboside ( Figure 1E ).
The inhibition of protein synthesis by oxygen deprivation is a well-known observation [11] [12] [13] [14] [15] [16] . Surprisingly, the molecular mechanisms behind this phenomenon have received little attention, although changes in the association of 4E-BP1 and eIF4E have been reported [17, 18] . Here, we confirm that anoxia inhibits protein synthesis in isolated hepatocytes and, under these conditions, AMPK was activated and the phosphorylation state of eEF2 was increased. Likewise, AICA riboside inhibited protein synthesis and increased eEF2 phosphorylation. The phosphorylation and inactivation of eEF2 is a logical mechanism for pausing translation temporarily at elongation. Translation could then resume quickly following a return to normal ATP levels. Regulating initiation, on the other hand, would cause polysomes to dissociate and would have varying effects on different mRNAs. In this respect, it is noteworthy that, in hepatocytes, the shut down in protein synthesis after 30 min of anoxia can be fully reversed upon reoxygenation [11] .
Purified rat liver eEF2 was a poor substrate of AMPK, which suggests that the increase in eEF2 phosphorylation might be a consequence of eEF2 kinase activation rather than direct phosphorylation of eEF2 by AMPK. Indeed, eEF2 kinase was activated by anoxia or AICA riboside treatment, suggesting that AMPK activation mediates this effect. 
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